Objectives: In 2011, the Royal College of Surgeons published Emergency Surgery: Standards for Unscheduled Care in response to variable clinical outcomes for emergency surgery. The purpose of this study was to examine whether different treatment modalities would alter survival.
A high level of risk is inherent in emergency general surgery. At least 50,000/year nontraumatic emergency laparotomies are performed in the United Kingdom. 1 Surgery is complex and associated with a mortality of approximately 15%. 1 Patients often are elderly and start out with deranged physiological parameters, similar to the effects of trauma. Those who are older than 80 years old have a mortality rate of approximately 25%. 1 Patients with high Physiological and Operative Severity Score for the enUmeration of Mortality and Morbidity (POSSUM) scores account for approximately 12% of surgical procedures but 80% of all general surgical mortalities. 2 Early recognition and treatment of these patients reduce morbidity and improve mortality rates. 2 In major trauma the combination of hypotension, coagulopathy, and hypothermia-the lethal triad-results in inevitable mortality, and correcting for these three components of the triad dramatically reduces mortality. Not all of the factors that improve mortality in this group of patients are understood, as they are in emergency trauma. Nonpatient factors such as timely surgery, consultant participation, and using the Sepsis Six guidelines for sepsis are examples of factors that have reduced mortality. Patient factors include their physiology; comorbidities; age; and in some studies, sex, and body mass index. The presence of the lethal triad in nontraumatic emergency general surgery is not clear.
Despite the publication of guidance set forth by England's Royal College of Surgeons in Emergency Surgery: Standards for Unscheduled Care, 1 most hospitals have not been able to achieve compliance. The evidence of these guidelines in improving outcome has yet to be established. Conversely, the surviving sepsis campaign has proven its success in improving mortality and hence received a significant nationwide promotion. 3 Other models also have demonstrated that survival is better in institutions with readily available access to radiological imaging and level 2 or level 3 care.
The National Confidential Enquiry into Patient Outcome and Death suggests that patient outcome is more favorable with consultant anesthetists and surgeons. 4 Daytime emergency surgery on a dedicated list ensures that patients receive the appropriate level of experience for achieving the best outcome. These general steps in management are essential but provide only part of the answer to a complex problem. For instance, it is not entirely clear what may be the best treatment for physiological derangements associated with nontraumatic emergency surgery. More than 20 years ago, Shoemaker et al suggested that supranormal goals in high-risk patients could improve mortality. 5 The nature of surgery defined high risk in these studies, and results were variable and led to several questions that included the best supranormal goal, pre-or perioperative optimization, and the role of pulmonary artery catheters. Preliminary findings for predictors of mortality include preoperative sepsis, serum urea levels, and the need for level 2 or level 3 care (odds ratio~20). 6 Researchers have examined the neuroendocrine axis in surgery and different techniques (eg, laparoscopy, laparotomy, mini-laparotomy), 7 but they do not depict the sequential changes and treatment (including fluid resuscitation and inotropes) throughout the entire patient journey. An assessment of these changes may provide initial clues to guiding treatment and may direct further research into important models of patient care. Consequently, the present investigation describes physiological changes in nontraumatic emergency general surgery. The aim of this study was to identify important aspects of treatment that could, if altered, improve survival.
Our acute care hospital manages nontraumatic emergency surgery on a daily basis. It is a 350-bed hospital that provides services to a population >500,000. We examined our emergency surgical practice to identify factors that may contribute to mortality; in particular we attempted to identify whether the lethal triad is present in nontraumatic emergency surgery.
Methods
Ethical approval was obtained. In a retrospective investigation during a period of 20 months (April 2, 2011-December 9, 2012), records from all patients who underwent nontraumatic emergency surgery were included. The time period was selected following the publication of the Royal College of Surgeons' guidelines. Information extracted included age, sex, preoperative comorbid status measured with the American Society of Anesthesiologists (ASA) classification and the Portsmouth-POSSUM (P-POSSUM). Perioperative data comprised admitting specialty; primary pathology; patients' physiological parameters; time interval from admission to operation; and time of surgical procedure defined as "day" (8 AM-6 PM), "evening" (6:01 PM−12 AM), and "night" (12:01 AM−7:59 AM). Operative details were the severity of the surgical procedure performed, seniority of the operating surgeon, the utility of goal-directed fluid therapy, and end-of-procedure core temperature. Lastly, the details of the anesthetic and intensive care charts were collated to record the volume and type of fluid administered, as well as the inotropes used.
Inclusion and exclusion criteria were based on the National Emergency Laparotomy Audit. 8 The primary outcome measure was survival and defined as all-cause mortality at 30 days. Patients were categorized into survivors and nonsurvivors. Comparison of patients' physiological changes and treatment modalities during their preoperative, operative, and postoperative phases was made. Parametric and nonparametric statistical analyses were performed to obtain significance, which was defined as P ≤ 0.05. The statistical package used was SPSS version 21 (IBM, Armonk, NY).
Results
In total, 91 patients underwent 97 emergency operations. The median age was 64 years (range 50-90, male:female 1:2). Tables 1 and 2 and Fig. 1 summarize patient demographics. On admission, 29 (31.9%) patients had evidence of sepsis. Small bowel obstruction, malignant colonic obstruction, and perforation of viscus accounted for 65% of all emergency admissions. Thirtyfive percent (34 of 97) of the operative workload was devoted to small bowel resection and adhesiolysis. Two-thirds of the operations occurred during the day and the difference in number among day, evening, and night was significant ( Fig. 2 ; P = 0.000, Kruskal-Wallis one-way analysis of variance).
The unadjusted 30-day mortality was 15.4%. Of the 14 nonsurvivors, 3 patients did not have emergency intestinal surgery: 
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Southern Medical Journal • Volume 110, Number 11, November 2017 2 patients had intraabdominal hemorrhage (one secondary to decompensating liver cirrhosis and the other following a percutaneous transhepatic cholangiography); the third patient had undergone laparotomy for excision biopsy of a suspicious lymph node. The remaining 11 nonsurvivors underwent bypass procedure for an nonresectible malignant colonic obstruction (n = 1), right colectomy (n = 2), subtotal colectomy (n = 2), left colectomy (n = 2), omental patch for duodenal ulcer perforation (n = 1), and small bowel resection (n = 3). Operations on all of these patients were performed by a consultant surgeon and an anesthetist (Table 3) . Upon examination of the influence of surgical specialty, the surgeries of 2 of the 11 (18%) nonsurvivors were performed by a consultant specializing in breast diseases. One (0.09%) case was performed by a specialist registrar, and all of the others were performed by consultant coloproctologists. Despite the potential type I error, there was no evidence to support the hypothesis that noncoloproctologists (as the primary operating surgeon) had a higher mortality rate (P = 0.110, Fisher exact test).
Demographic Factors
Age was not significantly different between survivors and nonsurvivors. The time from admission to decision made for surgery did not influence survival. ASA status and P-POSSUM were significantly different for survivors and nonsurvivors: ASA (3 vs 4, P = 0.006, Kolmogorov-Smirnov test) and P-POSSUM (5 vs 86%, P = 0.001, Kolmogorov-Smirnov test) were significantly higher for nonsurvivors. Nonsurvivors underwent their surgery at least 2 hours earlier (P = 0.029, KolmogorovSmirnov test).
Survivors were matched to the nonsurvivors by primary emergency operation and fluid therapy, hemodynamic variables, and inotropes, compared for the preoperative, operative, and postoperative phases. Matching resulted in a comparison of 27 survivors to 14 nonsurvivors. The median age for survivors was 61 years and did not demonstrate significance against the nonsurvivors (P = 0.39, Kolmogorov-Smirnov test).
Fluid Therapy

Preoperative or Resuscitative Phase
The mean volume of fluid given to survivors and nonsurvivors was 4482.4 ± 4215.9 mL and 4630 ± 2323.1 mL (P = 0.89, Kolmogorov-Smirnov test), respectively. Survivors were given 1750 ± 2323.8, 2600 ± 2137.4, 0, 85.7 ± 183.3, and 366.7 ± 639.5 mL of 0.9% saline, Hartmann's solution, 6% Volulyte (tetrastarch), blood products, and gelofusine, respectively. Nonsurvivors had 1900 ± 1675.88, 1642.31 ± 1733.48, 0, 542.86 ± 411.73, and 1150 ± 821.58 mL of 0.9% saline, Hartmann's solution, 6% Volulyte (tetrastarch), blood products, and gelofusine, respectively. Nonsurvivors had a significantly larger volume of blood products (P = 0.04, Fisher exact test) and gelofusine (P = 0.04, Fisher exact test).
Operative Phase
Mean volumes of 0.9% saline, Hartmann's solution, 6% Volulyte, blood products, and gelofusine given to survivors were 0, 1617.2 ± 731.5, 346.2 ± 394.2, 376.1 ± 728.9, and 458.3 ± 658.0 mL, respectively. Nonsurvivors received 0, 1446.7 ± 874.1, 500 ± 438.5, 619.2 ± 842.5, and 500 ± 670.8 mL, respectively. There was a trend toward nonsurvivors receiving more blood products than survivors (P = 0.068, Fisher exact test).
Postoperative or Intensive Care Phase
For survivors, mean fluid volumes given were 682.5 ± 449.01, 4318.85 ± 2695.45, 1227.27 ± 59.79, 430.0 ± 240.42, and 750.0 mL. Nonsurvivors were given 2900 ± 1948 mL 0.9% saline, 3090.63 ± 2631.40 mL Hartmann's solution, 803.57 ± 558.35 mL 6% Volulyte, 796.25 ± 628.30 mL blood products, and 750.0 ± 250.0 mL gelofusine. Nonsurvivors received significantly more gelofusine than survivors (P = 0.02, Fisher exact test). 
Hemodynamic Variables
Preoperative and Operative Phases
Pulse, systolic, diastolic, and mean arterial pressures were not significantly different between survivors and nonsurvivors in the preoperative phase (0.332 ≤ P ≤ 1.0, Fisher exact test; Fig. 2 ). During the operative phase (up to 5 hours), nonsurvivors had significantly lower systolic, diastolic, and mean arterial pressures.
Postoperative or Intensive Care Phase
Systolic blood pressure was significantly higher in nonsurvivors during postoperative days 3 to 7 (Fig. 2) . Diastolic blood pressure was persistently greater in the nonsurvivors during days 4 through 11. The mean arterial pressure was significantly higher in nonsurvivors from days 3 to 11. Throughout the 11 days, nonsurvivors had higher pulse rates than the survivors.
Inotropic Support
Seventeen survivors received inotropic support (single or combination therapy with norepinephrine, epinephrine, metaraminol) and one was given vasopressin. Of the nonsurvivors, 12 patients (85.7%) had inotropes and 5 also were given vasopressin. The difference in the number of survivors and nonsurvivors receiving inotropic support was not significant (P = 0.165, Fisher exact test). More of the nonsurvivors were given vasopressin (P = 0.013, Fisher exact test). Furthermore, a significant number of nonsurvivors received inotropes during the intraoperative period (P = 0.028, Fisher exact test).
Temperature
Core body temperature in nonsurvivors was significantly lower at 36.3°± 1.0°C compared with 36.9°± 0.7°C for survivors at the end of the operation (P < 0.05, Kruskall-Wallis test).
Discussion
The mortality rate in our hospital is similar to others on a national level. 9 The factors contributing to mortality in this cohort were hypotension, hypothermia, and coagulopathy, as judged by the significantly larger volume of blood products used in nonsurvivors. Furthermore, more gelofusine and vasopressin were given to nonsurvivors. This would suggest that hypotension in nonsurvivors reached a point at which it was difficult (if not impossible) to restore. It also is possible that gelofusine exacerbated coagulopathy. 10 Given this theory, avoidance of synthetic colloid during resuscitation may improve survival. A systematic review on fluid resuscitation in sepsis suggested that albumin or balanced crystalloids improved survival. 11 In contrast, one meta-analysis concluded that the survival of patients undergoing major abdominal aortic aneurysm surgery and with burns and trauma was not significantly influenced by colloids or crystalloids (relative risk 0.91, 95% confidence interval 0.49-1.72). 12 Our study indicated a significantly lower core temperature in nonsurvivors, which could have compounded their coagulopathy. 13 In multiple trauma, hypothermia (<35°C) was an independent risk factor for mortality by up to eightfold.
14 Another area of modification that may improve survival would be to create an operating environment that is identical to that used for major trauma: maintenance of core body temperature. The operating room should be at a suitable environmental temperature, together with body warming with heated blankets and warmed intravenous fluids. Numerous studies have concluded that warmed intravenous fluids prevent perioperative hypothermia when compared with controls who had a warming blanket and received crystalloids at room temperature. 15 During the preoperative (resuscitative) phase, both groups had similar hemodynamics. Obvious differences in systolic blood and mean arterial pressures were seen 2 hours into the operative phase. Furthermore, nonsurvivors had lower systolic and mean arterial pressures despite inotropes. More nonsurvivors received vasopressin in addition to other inotropes during the intraoperative period. This may account for overall higher blood pressures in nonsurvivors in the postoperative period. Vasopressin was administered consequent to refractory shock, most likely a confounding factor rather than a cause of patients' mortality. 16 Persistent hypotension (and possibly refractory shock), despite inotropic support, raises the debate about how patients with a high P-POSSUM score should be resuscitated: admission to level 2 or level 3 care and aggressively optimized with warmed crystalloids, blood products, and inotropes. Variable modalities have been proposed for preoperative optimization, especially when there is a lack of consistency in standard quantitative methods for identifying high-risk patients. One retrospective series used the Goldman cardiac risk index as a tool for identifying high-risk patients. Patients with a higher index had abnormal perioperative hemodynamics. Preoperative optimization resulted in fewer cardiovascular complications. 17 Goal-directed therapy may be a useful adjunct for optimization. Early goal-directed therapy can reduce mortality in patients with sepsis if applied within the first 6 hours. 18 Seniority and specialty of the operating surgeon had no significant bearing upon overall survival in our study. This finding correlated with that of Saunders et al, who reached a similar conclusion during their 3-month analysis of 30 National Health Service hospitals: The presence of a consultant at the operation did not influence 30-day mortality. 19 Conversely, a study looking into the factors that affected postoperative outcome in 83,790 emergency surgery patients revealed more complications (wound infections, pulmonary complications, thromboembolic events, urinary tract infections) when surgical trainees performed the surgery. 20 They also took longer The values in parentheses represent the percentage of nonsurvivors in the emergency procedure category.
to perform the procedure than did an experienced consultant. The patients operated upon by trainees had multiple comorbidities, required more intraoperative blood transfusions, and had a higher frequency of return to the operating room. These complications seemed to be related to the trainees' longer operating times. 20 Variable levels of trainees' experience may account for the difference; however, our unit frequently receives surgical trainees who are near appointment to senior positions. Among the consultants, there were no significant differences between one who specializes in breast diseases electively and others who specialize in coloproctology. Incidentally, our breast surgeon is a senior general surgeon. Furthermore, the limitation to this conclusion is that our sample size was too small to avoid a type I error. Ultimately, a shorter operative period is the key to preventing the development of the lethal triad. As such, defining this damage control protocol becomes an interesting area warranting ongoing research and development. Moreover, it is important to develop sound evidence-based pathways that improve patient outcomes in emergency situations. This has been achieved in elective general surgery by way of enhanced recovery protocols. What is needed with emergency surgery is the stratification of patients to early preoptimization, best damage control methods, and intraand postoperative care. Becher and colleagues suggest that the lethal triad is not useful for managing nontraumatic emergency surgical patients. 21 There is a possibility for similarities between their and our investigation in that the lethal triad was not addressed early enough in the disease process.
The time of day for surgery and admitting specialty did not influence survival, as demonstrated by Cook et al in 102 patients undergoing emergency or urgent surgery. 22 Their data, however, were heterogeneous because orthopedic surgery was included. Other studies dedicated to emergency general surgery illustrated that operating at night ("out of hours") and by a nonconsultantgrade surgeon pose as risk factors for mortality. 19 
Conclusions
Unscheduled emergency surgery remains risky. The triad of hypotension, coagulopathy, and hypothermia is present in our patients and may require addressing early in the disease process to minimize mortality. Robust pathways for managing such patients in which the best damage control procedures must be described need to be developed. This study shows that mortality following emergency surgery at our hospital is similar to that seen nationally. The need for studies to develop pathways such as those for enhanced recovery in elective surgery are required and should address the best time and method to treat the lethal triad of hypotension, coagulopathy, and hypothermia.
